Diabetes mellitus, a metabolic disorder, is one of the major causes of death among all health issues. Diabetes can be regulated by antidiabetic drugs that control the activity of some metabolic enzymes including amylases. Endophytic fungi have the potential to prevent diabetes through inhibition of alpha-amylase activity. This study was aimed to isolate and evaluate endophytic fungi from different plants like Mango (Mangifera indica) coded as MAN, MBR, Neem (Azadirachta indica) indicated as NGU and NTH and jambolan (Syzygium cumini L) shown as JCO, JGR, JGY for their antidiabetic potentials. Eight endophytic fungi, isolated from the leaves of these plants, were screened for their potential anti-amylase activity. Aqueous extract of endophytic fungi isolated from jambolana (200µg/ml) exhibited significant amylase inhibition (62%) followed by MAN, MBR, NGU and NTH sample (49-59%). Therefore, endophytic fungi from the leaves of selected plants might be remarkable sources of discovering natural anti-diabetic molecules.
Introduction
Diabetes mellitus is a chronic metabolic disease that disturbs the metabolism of carbohydrates, fats, proteins, water and electrolytes [1] . It is a disorder of endocrine system that is responsible for the emergence of a group of various metabolic diseases such as hyperglycemia, in which blood sugar level increases either because of insufficient secretion of insulin by pancreas or diminished response of cells towards insulin. Diabetes is classified into two types, type 1 diabetes and type 2 diabetes. Numerous pathogenic responses play major roles in the development of diabetes [2] . Type 2 diabetes mellitus is characterized by insulin resistance and patients with this type of diabetes require increased secretion of insulin which is unable to fulfill by pancreatic β-cells due to abnormality in their function. Over 90%-95% of patients had diabetes are type 2 patients and of most of them are adults [3] . Globally, the rapid pervasiveness of type-II DM is becoming a grave medical consideration, demanding the investigation on novel therapeutic agents. Among the major challenging aims of diabetes management, the most important is to normalize the blood glucose levels in patients with diabetes mellitus. Diabetes could potentially be prevented or controlled by controlling monosaccharide absorption and the network of carbohydrate degrading enzymes [4] . Two principle digestive enzymes α-amylase and α-glucosidase are responsible for the degradation of complex dietary carbohydrates into sugar in the digestive tract [5] . Various inhibitors like voglibose, miglitol and acarbose that reduce PPHG by disturbing the action of carbohydrate digesting enzymes thus decreasing the glucose absorption are commonly available in market. These are synthetic drugs and carries many adverse effects including gastrointestinal problems, abdominal discomfort and diarrhea [6] therefore necessitating the demand for novel compounds with no or few side effects. Since, many times plants have been used traditionally to cure diabetes patients. There are several reported antidiabetic properties of medicinal plants till now. It has been reported that plants have also been utilized to treat other related conditions of diabetes including diabetic retinopathy, diabetic peripheral neuropathy etc. But endophytes have not been extensively explored for antidiabetic agents [7] . Exploration of valuable bioactive compounds from microbes is rather easier and inexpensive [8] . Endophytes are endosymbiotic microbes (e.g. bacteria or fungi) as the term "Endophyte" is derived from a combination of two words: Endo-means 'within' and phyte means 'plant' thus these are the microorganisms that inhabit the interstitial spaces of plants or found within plant tissues (stem, roots and leaves), forming symbiotic association with plant and doesn't cause any detrimental effect to host species 
Materials and methods Collection of Plant Samples
Mature and healthy leaves of Azadirachta indica, Syzygium cumini and Mangifera indica were collected from the biopark of Bahauddin Zakariya University of Multan. About 200 grams of healthy and fresh leaves were cut using a sterile cutter and placed in sterile zipper bags. Samples were handled carefully and processed immediately or within 24 hours after collection. Samples were dried properly to remove surface moisture prior to storage. Samples were labeled and tagged and transported to the laboratory in polythene bags under sterile conditions. Fungal endophytes were isolated from plants by following the reported methods with slight alterations [14] . The entire framework of our study has been shown in (Figure 1 ).
Sterilization of plant samples
The plant materials were placed under running tap water for 2 min and washed with autoclaved distilled water to remove all the surface debris. Thereafter trimming of leaves was carried out using sterile surgical blades, edges of leaves were removed. Then leaves were transported to laminar flow under aseptic condition where leaves were excised into 6-7 pieces (3-5 mm size) using sterile cutters. The leaves were completely rinsed with sterile deionized water for 1 min, and then soaked into 70% ethanol for 1 minute, again treated with sterile distilled water for 30 sec and then washed with 0.05% mercuric chloride solution for 2 minutes to completely sterilize the surface. Leaves were again soaked in autoclaved deionized H2O and dried using sterile filter paper before placing on media plates. Leaves after complete drying were placed on Potato Dextrose Agar (PDA) and Sabouraud Dextrose Agar (SDA) media plates. These media plates were augmented with an amoxicillin 200mg/ml as antibiotic to avoid bacterial contamination. Now, the plates were incubated at 25ºC for 4-8 days for growth [15] . Isolation of endophytes After 3 to 7 days of incubation at 25ºC, the hyphal tips were started emerging from the plant parts indicating the growth of endophytes around leaves. The hyphal tips were removed, disinfected and preserved on media (PDA) plates. The number of fungal colonies was counted. The colonies were subcultured and purified [15] . Morphological characterization Morphological characters were studied with the help of microscope. Slides were prepared by adding a drop of deionized water or ethanol on the slide and the culture was taken with the help of forceps from petri plates. These colonies were added on the slides and mixed with the drop of liquid with the help of toothpick and covered with cover slips. Cover slips on slides were fixed with the help of nail paint. Now the arrangement of hyphae, branching configuration and sporulation were observed under microscope. The microscopic images were taken with the help of camera. Production of anti-diabetic metabolites from endophytes For primary screening, 50 ml production media, malt extract broth (MEB), containing 3% malt extract, 0.5% peptone and dextrose 2% was prepared in Erlenmeyer flasks (250 ml). A small block of agar (6mm diameter) from PDA plates, containing endophytic fungal hyphae, was removed with the help of a sterile borer or tips and added in the flask containing MEB. Then the flasks were placed in a rotary shaker at 200 revolutions min -1 for 10 days at 30°C. After that each flask was supplemented with ethyl acetate (50 ml) and again kept in a shaker at 150 revolutions min -1 at 45 ºC. After 2-6 hours, supernatant was removed from each flask. The removed supernatants were kept for dryness on Rotaevaporator to get concentrated organic phase [16] .
Antidiabetic Assays
The most commonly used procedure is alphaamylase inhibitory assay. It was carried out by the addition of 200 µL of fungal extract (15ml) that was mixed with 200 µL of sodium phosphate buffer (0.02M) with 6.7 pH carrying 0.5 mg/ml solution of alpha-amylase. The tubes containing the mixture were incubated for 10 min at 30°C and then 200 µL of starch (1%) solution was added. The reaction mixtures were again incubated at 30°C for 10 min. Now to stop the reaction mixture, 500 µL of DNS (3, 5-dinitrosalicylic acid) reagent was added. Mixtures in tubes were incubated again for in pre-set water bath at 92°C for 5 minutes and thereafter the mixtures in tubes were set to cool at 40°C.
After cooling the mixture at room temperature, 6ml of sterilized deionized water was added in each tube. Absorbance was measured at 540 nm using spectrophotometer. Acarbose as positive control was taken. Inhibitory activity of alpha-amylase was measured using this formula [17] . % inhibition= [(Ac-Ae)/Ac] 100 Where Ac represents Absorbance of control and Ae represents Absorbance of extract.
Statistical analysis
The entire data were demonstrated as the mean of triplicate assays and represented as mean ± standard errors (SEM). Results were analyzed statistically by means of a statistical package Minitab version 17. The significant mean difference between values was analyzed by one-way analysis of variance (ANOVA) then through Tukey's test [18] .
Results and discussion Collection and isolation of endophytes Leaves from three different plants Mango (Mangifera indica), Neem (Azadirachta indica) and jambolan (Syzygium cumini L)
were collected for the isolation of endophytic fungi in order to evaluate their ability to produce antidiabetic compounds. A total of 8 fungal endophytes, coded as MPW, MBR, MAN, NGU, NTH, JGY, JGR and JCO were isolated from selected plants ( Table 1) . These isolated strains were purified and preserved on PDA or SDA plates.
Identification of endophytic fungi
The sample codes of the selected plants endophytic fungi demonstrated microscopic morphology and characteristic colony that were used to distinguish them from each other. In case of strain MPW, mycelium was hyaline, septate, profusely branched and conidiophores were white. Fungal isolate MBR cultured on PDA medium showed brown to dark brown mycelia. Apparently, the colonies showed rough, hard and whitish surface. The isolate was observed under a microscope, it revealed septate and long hyphae with rounded conidia. Strain MAN was identified as Aspergillus specie demonstrated dark brown, large, globose conidial heads that become radiate. Conidiophores are hyaline, smooth-walled and turned dark towards vesicles. Heads of conidia are biseriate comprising brown phialides. Conidia turned white to dark brown to black, globose to sub-globose and rough walled. Colonies spread rapidly. Characteristics of NGU are white to grey mycelia, thick hyphae, conidia are round to oval without septa (Figure 2) . Fungal isolate NTH cultured on PDA showed white to grey mycelia, flat ledges and dispersal hyphae. Microscopic view of this colony represented rounded conidia and long conidiophores and septate. Mycelia of JGY were green and showed umbrella like colonies, hyphae are septate and thick, highly branched and elongated. Characteristics of JGR demonstrated that the colonies grown on PDA had 20-40 mm diameter, generally plane, velutinous and low, irregularly floccose centrally, slightly granular, mycelium inconspicuous, grey to greenish turquoise. Conidiophores borne surface hyphae, stipes are 250-350 µm long comprising thin smooth walls, low and sometimes moderate production of ellipsoidal to sub-spheroidal conidia, 2-5 µm in length, irregular columns and flat walled, penicillin commonly biverticillate, triverticiallate comprising 1-2 rami, either appressed and terminal of sometimes divergent. Characteristics of JCO demonstrated that colonies grown on PDA plates reached to 40-60 mm diameter, reversely white centrally or uniform pale, floccose to dense white mycelium, colorless at the borders, septate branched mycelium.
Production of metabolites
Growth of fungal endophytes and the production of metabolites were observed after 7, 10 and 12 days. Maximum growth and production occurred after 10 days at 30ºC. The broth in each flask has containing the colony of desired cultures. The culture medium and mycelia were extracted 3 times with ethyl acetate to achieve the crude extracts. The fungal extracts were concentrated into solid filtrate via Rota evaporator. The concentrated filtrate was used for antidiabetic assay. Antidiabetic analysis Diabetes is one of chronic and serious disorders among various diseases of protein, carbohydrate and fat metabolism, affecting large set of population of the world [19] . In diabetes type II, body continuously produces insulin but it functions improperly because of insulin resistance. Two digestive enzymes alpha amylase and alpha glucosidase are involved in the breakdown of carbohydrates into sugar [19] . Morphologically three endophytic fungi were identified including MAN belong to Aspergillus sp., JGR belong to Penicillium sp., and JCO belong to Alternaria sp., other strains could not be identified that are expected to be unique. In this study, alpha-amylase inhibitory activities of different endophytic fungi were evaluated. For screening of antidiabetic activity, amylase-assay was performed for 8 strains from 3 different plants, Mangifera indica, Azadirachta indica and Syzygium cumini L. Inhibitory activities were observed using spectrophotometer at 540 nm. Among the selected plants, extract of JCO at 200µg/mL concentration showed the significant alpha-amylase inhibition of 62% followed by NTH, NGU, MBR and MAN with the inhibition of 59.51, 51, 49.31 and 49.6%. These results showed that all samples could inhibit the activity of α-amylase with different degrees of inhibition ( 
